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SRO\PHU UHVLQV PDNHV WKH SRO\PHU FRPSRVLWH DV SRO\PHU QDQRFRPSRVLWHV 31& 7KH FRPSRQHQWV PDGH XVLQJ
QDQRFRPSRVLWHV QHHG QRW EH LQ QDQRVFDOH FDQ EHPDFURVFRSLF LQ VL]H +XVVDLQ HW DO $ QDQRVWUXFWXUHG





PHFKDQLFDOWKHUPDOSK\VLFDODQGHOHFWULFDOSURSHUWLHV/DXDQG+XL  SURSRVHG VHYHUDO DSSOLFDWLRQVIRUFDUERQ
QDQRWXEHV KLJKVWUHQJWK FRPSRVLWHV HQHUJ\ VWRUDJH DQG HQHUJ\ FRQYHUVLRQ GHYLFHV VHQVRUV K\GURJHQ VWRUDJH
PHGLD DQG QDQR PHWHUVL]HG VHPLFRQGXFWRU GHYLFHV SUREHV DQG LQWHUFRQQHFWV 6HYHUDO UHVHDUFKHUV DQDO\]HG
PHFKDQLFDO SURSHUWLHV RI&17 UHLQIRUFHG SRO\PHU QDQR FRPSRVLWHV XVLQJ H[SHULPHQWDO DQDO\WLFDO DQG QXPHULFDO
PHWKRGV DQG GHPRQVWUDWHG WKDW DGGLWLRQ RI VPDOO DPRXQW RI &17ZLWK SRO\PHU UHVXOWV LQ VLJQLILFDQW DPRXQW RI
LQFUHDVH LQ WKH SURSHUWLHV 8VLQJ D FRPELQDWLRQ RI FRPSXWDWLRQDO DQG H[SHULPHQWDO PHWKRGV *RX HW DO 
DQDO\]HGLQWHUIDFLDOERQGLQJRIVLQJOHZDOOHG&17UHLQIRUFHGHSR[\FRPSRVLWHVDQGIRXQGWKDWZLWKWKHDGGLWLRQRI
ZWRI&17ZLWKUHVLQLQFUHDVHVWKHVWRUDJHPRGXOXVE\*ULHEHODQG+DPDHNHUV  H[DPLQHG
WKH HODVWLF PRGXOL RI SRO\PHU±FDUERQ QDQRWXEH FRPSRVLWHV XVLQJ PROHFXODU G\QDPLFV 0' VLPXODWLRQV RI D
6:&17 HPEHGGHG LQ SRO\HWK\OHQH DQG VKRZHG WKDW FKHPLFDO FURVVOLQNV LQFUHDVH WKH <RXQJ¶V PRGXOXV RI D
SRO\HWK\OHQH QDQRWXEH FRPSRVLWH:XLWH DQG$GDOL  IRXQG WKDW WKH VWLIIQHVV RI &17 UHLQIRUFHG FRPSRVLWH
EHDPV FDQ EH LPSURYHG VLJQLILFDQWO\ E\ WKH KRPRJHQHRXV GLVSHUVLRQ RI D VPDOO SHUFHQWDJH RI &17 6WDWLF DQG
G\QDPLFDQDO\VLVRISRO\PHUFRPSRVLWHSODWHZLWK6:&17UHLQIRUFHPHQWKDVEHHQDQDO\]HGE\=KX HWDO 
XVLQJ WKH ILQLWHHOHPHQWPHWKRG7KH\XVHGFRPPHUFLDO ILQLWHHOHPHQW VRIWZDUH$16<6 WRYHULI\ WKHLU UHVXOWVRI




QDQR FRPSRVLWHV WKH\ KDYH SURPSWHG DQ LQFUHDVHG XVH RI VDQGZLFK VWUXFWXUHV ZLWK )*&17 SRO\PHU QDQR
FRPSRVLWH IDFLQJV 7KHVH VWUXFWXUHV ZLOO EH H[SRVHG WR GLIIHUHQW NLQG RI ORDGLQJ GXULQJ WKHLU VHUYLFH )URP WKH
OLWHUDWXUH VXUYH\ LW LV FOHDU WKDW VWUXFWXUDO EHKDYLRXURI YLVFRHODVWLF VDQGZLFKSODWHZLWK)*&17SRO\PHUQDQR
FRPSRVLWH IDFLQJV XQGHU PHFKDQLFDO ORDG KDV QRW EHHQ LQYHVWLJDWHG LQ GHWDLO 6WDWLF EHKDYLRXU RI D YLVFRHODVWLF
VDQGZLFKSODWHXQGHUWUDQVYHUVHPHFKDQLFDOORDGLQJZKLFK KDV VLQXVRLGDOYDULDWLRQ LQWKHSODQHRIWKHSRO\PHUQDQR
FRPSRVLWHSODWHKDVEHHQLQYHVWLJDWHGLQWKHSUHVHQWZRUN
 0RGHOLQJRI3RO\PHU1DQR&RPSRVLWH 3ODWH
&RQILJXUDWLRQ RI WKUHH OD\HUHG YLVFRHODVWLF VDQGZLFK SODWH ZLWK )*&17 SRO\PHU QDQR FRPSRVLWH IDFLQJV
DQDO\]HGLQWKH SUHVHQWZRUNLVVKRZQLQ)LJµD¶µE¶DQGµK¶LQ)LJUHSUHVHQWVOHQJWKZLGWKDQGWRWDOWKLFNQHVV
RIWKHVDQGZLFKSODWH 7KLFNQHVVRIWKHFRUHOD\HULVµWF¶ZKLOHWKLFNQHVVRIHDFK)*&17VWLIIOD\HULVµWI¶7KHSODWH
LVVXEMHFWHGWRDWUDQVYHUVH ORDG3 3 VLQʌ[D VLQʌ\EZKHUHµ[¶DQGµ\¶DUHFRRUGLQDWHVRIDSRLQWLQWKHSODWH
IURPWKHRULJLQRIWKHFRRUGLQDWHV\VWHP
7KH HIIHFWLYHPDWHULDOSURSHUW\RIWKH)*&17SRO\PHUFRPSRVLWHKDVEHHQREWDLQHGXVLQJ WKHH[WHQGHG
UXOH RIPL[WXUH EDVHG RQ WKH HODVWLF SURSHUWLHV REWDLQHG XVLQJPROHFXODU G\QDPLFV VLPXODWLRQ 7KH FRUH OD\HU LV
DVVXPHG WR EH D KRPRJHQHRXV YLVFRHODVWLF OD\HU ZKLFK LV UHODWLYHO\ YHU\ VRIW 7KH VDQGZLFK SODWH KDV EHHQ
LQYHVWLJDWHG IRU IRXU GLIIHUHQW W\SHV RI IXQFWLRQDO JUDGLQJ RI WKH&17V DV VKRZQ LQ )LJ  ,Q WKH SUHVHQWZRUN
3P39LVFRQVLGHUHGDVWKHPDWUL[PDWHULDO $UPFKDLU6:&17VDUHFRQVLGHUHGDVWKHUHLQIRUFHPHQW LQWKH
)*&17 IDFLQJ OD\HUV 7KH UHDGHU LV UHIHUUHG WR0D\DQGL DQG -H\DUDM  IRU GHWDLOHG LQIRUPDWLRQ DERXW WKH
PDWHULDO SURSHUWLHV RI3P39 DQG$UPFKDLU   DQG FDOFXODWLRQ RI WKH HODVWLF SURSHUWLHV YDU\LQJ WKURXJK WKH
WKLFNQHVVRI)*&17SODWH 7ZRGLIIHUHQWW\SHVRIYLVFRHODVWLFFRUHPDWHULDOVXVHGLQWKHSUHVHQWZRUNDUH'<$'
 DQG(&PDWHULDOSURSHUWLHVRIWKHVHPDWHULDOVDUHWDNHQIURP3UDGHHS
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)LJ D &RQILJXUDWLRQRIYLVFRHODVWLFVDQGZLFKSODWHZLWK)*&17SRO\PHUFRPSRVLWHIDFLQJV E)XQFWLRQDOJUDGLQJRI&17V
 0RGHOLQJRIWKHVDQGZLFK SODWHLQ$16<6













$3'/ $16<6 3DUDPHWULF 'HVLJQ /DQJXDJH FRGH KDV EHHQ GHYHORSHG LQ RUGHU WR LQYHVWLJDWH LQIOXHQFH RI
GLIIHUHQWSDUDPHWHUVRQVWDWLFFKDUDFWHULVWLFVRI)*&17YLVFRHODVWLFVDQGZLFKSODWH7KHFRGHGHYHORSHGKDVEHHQ
YDOLGDWHGZLWK WKH UHVXOWV DYDLODEOH LQ OLWHUDWXUH IRU WKH FDOFXODWLRQ RI VWDWLF GHIOHFWLRQ DQG VWUHVVHV RI WKH YLVFR
HODVWLFVDQGZLFKSODWH
 6WUHVV&DOFXODWLRQRI6DQGZLFK3ODWH
$ VLPSO\ VXSSRUWHG VTXDUH VDQGZLFK SODWH VXEMHFWHG WR ELVLQXVRLGDO GLVWULEXWLRQ RI WUDQVYHUVH SUHVVXUH
DSSOLHGWRWKHWRSRIWKHSODWHVXUIDFHS][\ S]VLQʌ[DVLQʌ\EDQDO\]HGE\&DUUHUDDQG%ULVFKHWWR  KDV
EHHQFRQVLGHUHGIRUYDOLGDWLRQRI VWUHVVFDOFXODWLRQRIWKHYLVFRHODVWLFVDQGZLFKSODWH7KLFNQHVVRIWKHHDFKVWLII
IDFLQJOD\HULVKZKLOHWKLFNQHVVRIWKHYLVFRHODVWLFFRUHOD\HULVKDQGVLGHWRWKLFNQHVVUDWLRLV 6+(//
 DQ HLJKW QRGH OLQHDU OD\HUHG VWUXFWXUDO HOHPHQW KDV EHHQ XVHG FDUU\ RXW WKH QXPHULFDO HYDOXDWLRQ RI VWDWLF
FKDUDFWHULVWLFV LQSUHVHQWZRUN6WUHVVYDOXHVSUHGLFWHG LQSUHVHQWZRUNPDWFKHVZHOOZLWK WKH UHVXOWV UHSRUWHGE\
&DUUHUDDQG%ULVFKHWWRDV VHHQLQ)LJ
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 6WDWLFEHQGLQJGHIOHFWLRQRI)*&17SODWH
$)*&17UHLQIRUFHGFODPSHGVTXDUHSODWHVXEMHFWHGWRD XQLIRUPO\GLVWULEXWHGORDGRI [ 1P DQDO\]HG
E\=KX HW DO  LV FRQVLGHUHG =KX HW DO  XVHG ILQLWH HOHPHQWPHWKRG WRSUHGLFW WKHQRQGLPHQVLRQDO
FHQWUDO GHIOHFWLRQ Z   ZRK ZRPD[LPXP EHQGLQJ GHIOHFWLRQ 7KLFNQHVV RI WKH SODWH DQDO\]HG E\ =KX HW DO
 LV DVVXPHG DV  PP DQG VLGH RI WKH SODWH LV FDOFXODWHG IURP WKH FRUUHVSRQGLQJ ZLGWKWRWKLFNQHVV UDWLR
5HVXOWVREWDLQHGXVLQJ$16<6LQWKHSUHVHQWZRUNPDWFKHVZHOOZLWKWKHUHVXOWVUHSRUWHGE\=KX HWDO  DV
VKRZQLQ7DEOH





=KX HWDO  3UHVHQW =KX HWDO  3UHVHQW
8' ( (  
)*9 ( (  
)*2 ( (  
)*; ( (  
 5HVXOWVDQG'LVFXVVLRQ
$WKUHHOD\HUHGVTXDUHYLVFRHODVWLFVDQGZLFKSODWHZLWK)*&17UHLQIRUFHGSRO\PHUFRPSRVLWHIDFLQJVFODPSHG
DWDOO HGJHV VXEMHFWHG WRD WUDQVYHUVH ORDG LVFRQVLGHUHGIRUGHWDLOHGVWXG\6LGHRI WKH VDQGZLFKSODWH LV WDNHQDV
PPWKLFNQHVVRIHDFKVWLIIIDFLQJOD\HUVDUHDVVXPHGDVPPDQGWKLFNQHVVRIWKHFRUHOD\HULVREWDLQHGEDVHG
RQWKHVWLIIOD\HUWRFRUHOD\HUWKLFNQHVVUDWLR7KHWUDQVYHUVHORDGKDVVLQXVRLGDOYDULDWLRQLQERWKWKHSODWHVXUIDFH
GLUHFWLRQ7KH VDQGZLFKSODWH LV LQYHVWLJDWHG IRU WKUHHGLIIHUHQW W\SHVRI IXQFWLRQDO JUDGLQJ VXFK DV8' XQLIRUP
GLVSHUVLRQRI&17V)*;DQG)*2WRDQDO\]HLQIOXHQFHRIIXQFWLRQDOJUDGLQJRI&17VRQVWDWLFFKDUDFWHULVWLFV
RI WKHVDQGZLFKSODWH7KUHHGLIIHUHQWYROXPHIUDFWLRQVRI&17V9&17 OLNHDQGDUHFRQVLGHUHG WR
DQDO\]H LQIOXHQFHRI YROXPH IUDFWLRQRI&17VRQ VWDWLF SHUIRUPDQFHRI WKH VDQGZLFK SODWH7ZRGLIIHUHQW YLVFR
HODVWLFPDWHULDOVVXFKDV(&DQG'<$'DUHFRQVLGHUHGDVFRUHPDWHULDOVLQWKHVDQGZLFKSODWH
)LJ&RPSDULVRQRIDD[LDOVWUHVVDQGEVKHDUVWUHVVZLWK &DUUHUDDQG%ULVFKHWWR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 6WDWLFEHQGLQJGHIOHFWLRQ
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 H H H
 H H H
 H H H
)URP7DEOH  LW LV FOHDU WKDW LQIOXHQFH RI IXQFWLRQDO JUDGLQJ RI&17V RQPD[LPXP VWDWLF EHQGLQJ GHIOHFWLRQ LV
VLJQLILFDQW0D[LPXPVWDWLFGHIOHFWLRQYDOXHIRUDSDUWLFXODUFDVHLVOHVVIRU)*;UHLQIRUFHPHQWRI&17VKLJKIRU
)*2 UHLQIRUFHPHQW RI &17V DQG LQ EHWZHHQ IRU 8' UHLQIRUFHPHQW RI &17V DV FOHDUO\ VHHQ LQ 7DEOH 0RUH
FRQFHQWUDWLRQRI&17VDZD\IURPPLGSODQHRIWKHSODWHDVVRFLDWHGZLWK)*;W\SHUHLQIRUFHPHQWRI&17VPDNHV
WKHVDQGZLFKSODWHPRUHVWLIIFRPSDUHGWR8'UHLQIRUFHPHQWRI&17V6LPLODUO\PRUHFRQFHQWUDWLRQRI&17VQHDU
PLGSODQH RI WKH SODWH DVVRFLDWHG ZLWK )*2 W\SH UHLQIRUFHPHQW RI &17V PDNHV WKH VDQGZLFK SODWH OHVV VWLII
FRPSDUHG WR8'UHLQIRUFHPHQWRI&17V 2QHFDQREVHUYH IURP7DEOH WKDWPD[LPXPVWDWLFEHQGLQJGHIOHFWLRQ
UHGXFHVZLWK LQFUHDVH LQYROXPHIUDFWLRQRI WKH&17VIRUDOO WKHFDVHV 7KLV UHIOHFWV LQFUHDVH LQ WKHVWLIIQHVVZLWK
LQFUHDVH LQ WKH YROXPH IUDFWLRQ RI &17V 6DQGZLFK SODWHV ZLWK '<$' DV FRUH PDWHULDO H[SHULHQFHV OHVV
PD[LPXPVWDWLFEHQGLQJGHIOHFWLRQIRUDOOWKHFDVHVFRPSDUHGWR WKH VDQGZLFKSODWHVZLWK(&DVVHHQLQ7DEOH
 6LPLODUO\ WKH VDQGZLFK SODWHVZLWK WF WI H[SHULHQFHV KLJK VWDWLF EHQGLQJ GHIOHFWLRQ FRPSDUHG WR WKH VDQGZLFK
SODWHV ZLWK DQGWF WI DVJLYHQ7DEOH
)LJ,QIOXHQFHRIIXQFWLRQDOJUDGLQJRQVWDWLFEHQGLQJGHIOHFWLRQRIVDQGZLFKSODWHZLWKDWF WI DQGEWF WI
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)LJ  D ,QIOXHQFHRI YROXPHIUDFWLRQRI&17VDQG E LQIOXHQFHRIFRUHPDWHULDORQVWDWLFEHQGLQJGHIOHFWLRQ
6WDWLF EHQGLQJGHIOHFWLRQYDULDWLRQ DVVRFLDWHGZLWK QRGHV DW WKHPLGGOH OLQHRI WKH VDQGZLFKSODWH LV REWDLQHG IRU
YDULRXVFDVHVWRDQDO\]HWKHLQIOXHQFHRIGLIIHUHQWSDUDPHWHUVRQVWDWLFGHIRUPDWLRQRIWKHVDQGZLFKSODWH ,QIOXHQFH
RIIXQFWLRQDOJUDGLQJRI&17VRQVWDWLFGHIRUPDWLRQIRUWKHVDQGZLFKSODWHVZLWKWF WI DQGWF WI DUH VKRZQLQ)LJ
DDQG)LJE UHVSHFWLYHO\)URP)LJ LW LV FOHDU WKDW WKH VWDWLFGHIRUPDWLRQSDWWHUQ LVQRW LQIOXHQFHGE\ WKH
IXQFWLRQDOJUDGLQJRI&17VKRZHYHU LWVDPSOLWXGHYDULHV VLJQLILFDQWO\ZLWK IXQFWLRQDOJUDGLQJRI&17V2QHFDQ
ILQGWKHWUHQGVLPLODUWRWKHEHKDYLRXURIPD[LPXPVWDWLFGHIOHFWLRQLQVWDWLFGHIRUPDWLRQRIWKHVDQGZLFKSODWHDOVR
DVVHHQLQ)LJ ,QIOXHQFHRIYROXPHIUDFWLRQRI&17VDQGLQIOXHQFHRIW\SHRIFRUHPDWHULDORQVWDWLFGHIRUPDWLRQ









D[LDOVWUHVV YDULDWLRQ DFURVVWKHWKLFNQHVVRIWKH SODWH UHIOHFWVWKHQDWXUHRI&17UHLQIRUFHPHQW WKURXJK WKHWKLFNQHVV
RIWKH SODWH7KLVLVGXHWRFKDQJHLQSURSHUW\RIWKHSODWHWKURXJKWKHWKLFNQHVV+RZHYHUWKLVLVEHKDYLRXULVQRW
REVHUYHGIRUVKHDUVWUHVVH[FHSWWKDW)*;H[SHULHQFHVOHVVVWUHVVDQG)*2H[SHULHQFHVKLJKVWUHVV
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E 7KH VDQGZLFK SODWH ZLWK (& DV FRUH PDWHULDO H[SHULHQFHV PRUH VWUHVV WKDQ WKH VDQGZLFK SODWHV ZLWK
'<$' DV FRUHPDWHULDO ,QIOXHQFH RI FRUH PDWHULDO WKLFNQHVV RQ D[LDO VWUHVV YDULDWLRQ RI WKH VDQGZLFK SODWH
WKURXJK WKH WKLFNQHVV LVVKRZQLQ)LJF 7KHVDQGZLFKSODWHKDYLQJKLJKHUFRUH WKLFNQHVVH[SHULHQFHVKLJKHU
D[LDOVWUHVVFRPSDUHGWRWKHVDQGZLFKSODWHKDYLQJOHVVFRUHWKLFNQHVVDVVHHQLQ)LJF
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)LJ ,QIOXHQFHRI DYROXPHIUDFWLRQRI&17VEFRUHPDWHULDOFFRUHWRVWLIIOD\HUWKLFNQHVVUDWLRRQD[LDOVWUHVV
 &RQFOXVLRQ
6WDWLF EHKDYLRU RI D WKUHH OD\HUHG YLVFRHODVWLF VDQGZLFK SODWHZLWK )*&17 VWLII OD\HUV KDV EHHQ LQYHVWLJDWHG
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+XVVDLQ)+RMMDWL02NDPRWR0DQG*RUJD5(  5HYLHZ$UWLFOH3RO\PHUPDWUL[1DQRFRPSRVLWHV3URFHVVLQJ0DQXIDFWXULQJ
DQG$SSOLFDWLRQ$QRYHUYLHZ -RXUQDO RI&RPSRVLWH0DWHULDOV 
(QGR0+D\DVKL7.LP<$7HUURQHV0DQG'UHVVHOKDXV06  $SSOLFDWLRQVRIFDUERQQDQRWXEHV LQWKHWZHQW\±ILUVWFHQWXU\
3KLORVRSKLFDO7UDQVDFWLRQVRIWKH5R\DO6RFLHW\RI/RQGRQ$  
/DX.7DQG+XL'  7KHUHYROXWLRQDU\FUHDWLRQRIQHZDGYDQFHGPDWHULDOVFDUERQQDQRWXEHFRPSRVLWHV &RPSRVLWHV3DUW%

*RX-0LQDLH%:DQJ%/LDQJ=DQG=KDQJ&  &RPSXWDWLRQDODQGH[SHULPHQWDOVWXG\RILQWHUIDFLDOERQGLQJRIVLQJOHZDOOHG
QDQRWXEHUHLQIRUFHGFRPSRVLWHV &RPSXWDWLRQDO0DWHULDOV6FLHQFH  




0D\DQGL.-H\DUDM3  %HQGLQJEXFNOLQJDQGIUHHYLEUDWLRQFKDUDFWHULVWLFVRI)*&17UHLQIRUFHG SRO\PHU FRPSRVLWHEHDPXQGHU
QRQXQLIRUPWKHUPDOORDG 3URFHHGLQJVRI,0HFK(3DUW/-RXUQDORI0DWHULDOV'HVLJQDQG$SSOLFDWLRQV RQOLQH
3UDGHHS9DQJLSXUDP  %XFNOLQJDQGYLEUDWLRQVWXGLHVRQVWUXFWXUHVXQGHUWKHUPDOHQYLURQPHQW´3K'7KHVLV,,70DGUDV&KHQQDL
&DUUHUD( DQG%ULVFKHWWR6  $ VXUYH\ZLWKQXPHULFDO DVVHVVPHQWRI FODVVLFDODQG UHILQHG WKHRULHV IRU WKHDQDO\VLV RI VDQGZLFK
SODWHV $60(-RXUQDORI$SSOLHG0HFKDQLFV5HYLHZV
=KX3/HL=;DQG/LHZ.0 6WDWLFDQG IUHHYLEUDWLRQDQDO\VHVRIFDUERQQDQRWXEHUHLQIRUFHGFRPSRVLWHSODWHVXVLQJ ILQLWH
HOHPHQWPHWKRGZLWKILUVWRUGHUVKHDUGHIRUPDWLRQSODWHWKHRU\&RPSRVLWH6WUXFWXUHV
